The short day enhancement of cold acclimation in Cornus and Weigela appears to be phytochrome-mediated.
The ability of woody plants to survive freezing temperatures depends on their acclimation during the prefreezing period (1) .
Cold acclimation is influenced by several environmental factors including light and temperature (12) , with autumnal photoperiods serving in some plants to initiate the yet unknown alterations leading to acclimation (21) . Initiation of cold acclimation may be most rapid at higher temperatures (5) , with full acclimation induced by subsequent freezing temperatures (18) .
Existence of a radiation-mediated step has raised the question of whether light is required solely for photosynthesis or is involved more directly in initiating acclimation. In nonwoody plants like alfalfa (2) , wheat (16) . and cabbage (11) acclimation appears best under long days. This suggests a photosynthetic role for the light. Citrus (22) and some conifers (19, 23) became more winter hardy under short day conditions. In Cornius (7), Viblurnuimi, and Acer (9, 10) , long day photoperiods suppressed acclimation. The reports (6. 8-10, 17 ) that a radiationinduced signal was formed in and translocated from leaves, that there was increasing acclimation as a function of the number of short day cycles, and that interrupting long night periods with white light reversed acclimation suggest possible participation of phytochrome in short day-induced initiation of cold acclimation.
This study was based on the assumption that there may be short day plus 15 min night break of red radiation (11.7 joules/cm2) presented at midpoint of the dark period; (d) short day plus red radiation immediately followed by 15 All tissue samples were rinsed with tap water and blotted on paper toweling before being placed in test tubes. The tubes were plugged with polyurethane foam and placed at 5 C in a freezing chest equipped with a circulating 95% ethanol bath and a temperature programmer.
Bath temperatures were monitored at 1-min intervals with a copper constantan thermocouple positioned centrally in the bath. Tissue temperatures of Cornus and Weigela were monitored with a thermocouple inserted longitudinally into the pith of a segment in a test tube located in the center of the bath. Because of their small diameter, tissue temperatures were not monitored in Pyracantha; it was assumed that they followed the same pattern as did Cornuis and Weigela. After 1 hr, tubes were removed from the 5 C bath and were stored in a holding chest at 5 C to serve as unfrozen controls. The bath temperature was lowered in 1.5 C decrements over 5-min intervals and held constant at each level for 10 to 12 min, a rate of temperature reduction of 6 C/hr. The supercooling exotherm occurred at -5.5 C, heat of crystallization dissipated in 20 min and tissue temperatures remained approximately equal to bath temperature throughout the freezing sequence. Tissues were held 10 to 12 min at selected test temperatures before being transferred to the holding chest where they remained for about 12 hr at 5 C for thawing.
To evaluate cold acclimation, 5 ml of glass-distilled water was added to each tube containing thawed tissue segments. The tissues were held at 5 C for an additional 24 hr to allow diffusion of electrolytes from injured cells. Conductivity readings were taken with a Beckman RC 1631 conductivity bridge unit after samples were equilibrated at 21 C for 30 min. All samples were then autoclaved at 129 C for 15 min and allowed to equilibrate again for 24 hr at 5 C before conductivity measurements were repeated. Cold injury was expressed as an index of injury (I,) which converts the percentage electrolyte release to a scale wherein the unfrozen control samples are rated at zero and the autoclaved samples are rated at 100 (4):
I, = 100 (Lt -Lo)/(Lk -L.) where I, = index of injury resulting from exposure to temperature (t), L, = specific conductance of electrolytes leached from unfrozen control samples, L, = specific conductance of electrolytes leached from sample frozen at temperature (t), L TEST TEMPERATURE (C) (Fig. 2) . The SD response was significantly repressed by the red radiation supplied as a 15-min night break. The repressive effects of the red light night break were relieved by subsequently presented far red radiation. I, values for plants under SD conditions without night break irradiation were not significantly different from those of plants that had received the red-far red sequence. Weigela responded to red (R) and to redfar red (R/FR) treatments in the same manner as did Cornus (Fig. 3) period; quantitative differences among treatments were not significant at the 0.05 probability level (Fig. 4) (13, 14) that growth retardants paralleled increase in frost resistance, as well as the data given here, tend to support these contentions.
